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(57) ABSTRACT

A door step device for a vehicle includes: a step panel; a rack
gear part which extends from the step panel and has a locking
groove formed at a side thereof; a pinion gear part which
gear-meshed with the rack gear part, and rotates by power
from a driving motor; a tilting operation part including a
projection pin and a solenoid adjusting a projected amount of
the projection pin; and a control unit which controls the
driving motor at the time of the operation of the step panel to
draw the rack gear part and controls the solenoid to tilt the
rack gear part and the step panel to the ground.

9 Claims, 3 Drawing Sheets
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1
DOOR STEP DEVICE FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority of Korean Patent
Application Number 10-2013-0051510 filed May 7, 2013,
the entire contents of which application is incorporated herein
for all purposes by this reference.

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates to a door step device for a
vehicle capable of offering improved convenience when pas-
sengers get in and out of a vehicle by providing a footboard
between a vehicle floor and the ground.

2. Description of Related Art

In general, a recreational vehicle (RV) and some of the
commercial vehicles has a footboard installed between the
ground and a vehicle floor so as to offer improved conve-
nience when passengers get in and out of a vehicle. Further,
even in the case of a vehicle having a high ground clearance,
a footboard is installed under a door due to inconvenience
when passengers get in and out of a vehicle.

Since the footboard generally fixed to a vehicle frame by a
welding or a bolt protrudes to the outside regardless of
whether a passenger use the footboard, a passenger who does
not use the footboard may be hindered at the time of getting in
and out of a vehicle and a quality of an appearance design of
a vehicle may be degraded. In addition, since the footboard
protrudes to the outside, the footboard is bumped into pedes-
trians and structures outside a vehicle, such that a vehicle may
be damaged or stability of a vehicle may be degraded.

Meanwhile, according to the related art, the footboard
mounted at the vehicle door is fixed to the vehicle floor, and
thus a height of the footboard may not be adjusted. Therefore,
in the case of a vehicle of which the footboard is at a high
position, passengers having a short height, such as a child,
have inconvenience of using the footboard and in the case of
a vehicle of which the footboard is at a low position, the
footboard is bumped into protruding objects on the ground
when a vehicle drives a rough road or an unpaved road, such
that the footboard may be damaged.

Therefore, a need exists for a technology of adjusting the
height of the footboard mounted in the vehicle and operating
the footboard according to whether passengers use the foot-
board.

The information disclosed in this Background section is
only for enhancement of understanding of the general back-
ground of the invention and should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

BRIEF SUMMARY

Various aspects of the present invention provide for a door
step device for a vehicle capable of adjusting a height of a
footboard in consideration of a height of a passenger and
operating the footboard according to whether the passenger
uses the footboard to improve the use convenience of the
footboard.

According to various aspects of the present invention, there
is provided a door step device for a vehicle, including: a step
panel; arack gear part which extends from the step panel to be
inserted into the vehicle and has a locking groove formed at a
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side thereof; a pinion gear part which is mounted in the
vehicle through a rotating shaft, gear-meshed with the rack
gear part, and rotates by power from a driving motor; a tilting
operation part including a projection pin projecting at a point
spaced backwardly at a predetermined distance from the pin-
ion gear part in the vehicle to be locked to the locking groove
of the rack gear part so as to provide a rotating center of the
rack gear part and a solenoid adjusting a projected amount of
the projection pin; and a control unit which controls the
driving motor at the time of the operation of the step panel to
draw the rack gear part and controls the solenoid to tilt the
rack gear part and the step panel to the ground.

The step panel may be provided with a detection sensor
which detects objects located within a drawing range and a
tilting range.

The step panel may be mounted to be tilted upwardly from
alower side of the vehicle at a predetermined angle and as the
projection pin is locked to the locking groove of the rack gear
part to tilt the rack gear part downwardly, the step panel may
face the ground to be changed to a footboard shape.

The rack gear part may be located under the pinion gear
part, such that an upper surface of a front end of the rack gear
part is gear-meshed with the pinion gear part and a rear end
thereof is inserted into the vehicle.

An inside of the vehicle may be provided with a guide to
enclose the side of the rack gear part and rotate along with the
rack gear part and the rack gear part may be mounted in a
vehicle body by the guide.

The driving motor may be a motor which normally or
reversely rotates and has a controllable rotational speed and
the control unit may control the power of the driving motor to
be reduced when the step panel is tilted to the ground to
reduce a tilting speed of the step panel.

The control unit may control the projection pin of the tilting
operation part to be separated from the locking groove of the
rack gear part when the rack gear part and the step panel may
be tilted to the ground to draw the rack gear part and the step
panel to the ground in the state in which the rack gear part and
the step panel are tilted.

The locking groove of the rack gear part may include a
middle groove part for performing the tilting operation of the
rack gear part and a back groove part for fixing the rack gear
part drawn to the ground in the state in which the rack gear
part is tilted.

When the rack gear part and the step panel are drawn to the
ground in the state in which the rack gear part and the step
panel are tilted, the control unit may operate the solenoid to
control the projection pin to be inserted into the back groove
part.
The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a front view of an exemplary door step device for
a vehicle according to the present invention;

FIG. 2 is a back view of the door step device for a vehicle
illustrated in FIG. 1; and

FIGS. 3, 4, 5 and 6 are diagrams illustrating drawing and
tilting operations of the door step device for a vehicle illus-
trated in FIG. 1.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
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illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
present description is not intended to limit the invention(s) to
those exemplary embodiments. On the contrary, the
invention(s) is/are intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

FIG. 1 is a front view of a door step device for a vehicle
according to various embodiments of the present invention
and FIG. 2 is a back view of the door step device for a vehicle
illustrated in FIG. 1.

The door step device according to various embodiments of
the present invention may include a step panel 100; a rack
gear part 200 which extends from the step panel 100 to be
inserted into the vehicle and has a locking groove 220 formed
at a side thereof; a pinion gear part 300 which is mounted in
the vehicle through a rotating shaft 320, gear-meshed with the
rack gear part 200, and rotates by power from a driving motor
M; a tilting operation part 400 which is configured of a pro-
jection pin 420 projecting at a point spaced backwardly at a
predetermined distance from the pinion gear part 300 in the
vehicle to be locked to the locking groove 220 of the rack gear
part 200 so as to provide a rotating center of the rack gear part
200 and a solenoid 440 adjusting a projected amount of the
projection pin 420; and a control unit 500 which controls the
driving motor M at the time of the operation of the step panel
100 to draw the rack gear part 200 and controls the solenoid
440 to tilt the rack gear part 200 and the step panel 100 to the
ground.

Hereinafter, each component of various embodiments of
the present invention will be described below in detail. The
step panel 100 serves as a footboard when passengers get in
and out of a vehicle and may be applied to a side step which
is variously mounted in various kinds of vehicles, such as a
RV vehicle, a general car, and the like, and may also be
applied to a stepped footboard which is mounted in a large-
sized vehicle.

The step panel is mounted under a door D without protrud-
ing to an outside of a vehicle body. In this case, the step panel
is changed to serve as a footboard by protruding to the outside
of the vehicle body by a mechanical operation of a rack gear
part 200, a pinion gear part 300, and a tilting operation part
400 which will be described below in detail and then being
tilted.

Describing the mechanical structure for drawing and tilting
the step panel 100, the rack gear part 200 which extends from
the step panel 100 to be inserted into a vehicle and has a
locking groove 220 formed at a side thereof is rotatably
mounted at the vehicle floor and the pinion gear part 300
which is mounted in a vehicle through the rotating shaft 320
and gear-meshed with the rack gear part 200 is mounted. In
this case, the driving motor M connected to the rotating shaft
320 to provide power is mounted and as the power of the
driving motor M is transmitted to the pinion gear part 300
through the rotating shaft 320, the pinion gear part 300 rotates
to draw the rack gear part 200.

As the rack gear part 200 is drawn, the step panel 100
protrudes from the vehicle body and the projection pin 420 of
the tilting operation part 400 is inserted into the locking
groove 220 of the rack gear part 200 to limit the drawing of the
rack gear part 200 and provide a rotating center, such that as
the rack gear part 200 rotates, the step panel 100 rotates
toward the ground. In this case, the rack gear part 200 is tilted
at a predetermined angle based on a point to which the pro-
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4

jection pin 420 is locked, in the state in which the rack gear
part 200 is gear-meshed with the pinion gear part 300. Herein,
when the rack gear part 200 excessively rotates, as a load
between the pinion gear part 300 and the rack gear part 200
increases, each gear part may be damaged, such that the
control unit 500 stores an appropriate rotation amount of the
pinion gear part 300 and controls the driving motor M based
on the rotation amount.

As described above, as the driving motor M is operated by
the control of the control unit 500, the pinion gear part 300
rotates and the rack gear part 200 gear-meshed therewith is
drawn and when the rack gear part 200 is drawn by an appro-
priate amount, the projection pin 420 projected by the sole-
noid 440 is locked to the locking groove 220 of the rack gear
part 200 to provide the rotating center.

Therefore, the projection pin 420 is inserted into the lock-
ing groove 220 to limit the drawing operation of the rack gear
part 200 and as the pinion gear part 300 rotates, the rack gear
part 200 rotates based on a point to which the projection pin
420 is locked, such that the step panel 100 is tilted and moves
to the ground.

As such, the tilting operation of the step panel 100 controls
the driving motor M and the solenoid 440 based on the revo-
Iutions per minute of the driving motor M stored in the control
unit 500 and the projection control timing of the projection
pin 420, thereby preventing a mechanical collision and a
mechanism error.

Meanwhile, the step panel 100 may be provided with a
detection sensor 120 which detects objects located within a
drawing range and a tilting range. Herein, the detection sensor
120 may be a sensing unit capable of confirming proximate
objects, such as an infrared sensor, an ultrasonic senor, a
geomagnetic sensor, and the like. A plurality of detection
sensors 120 may be mounted at a bottom portion and a front
end portion of the step panel 100 and are configured to detect
objects and persons which are located within the drawing
range and the tilting range of the step panel 100.

Herein, the drawing range of the step panel 100 means a
protruding distance of the step panel 100 from the vehicle
body as the rack gear part 200 is drawn and the detection
sensor 120 installed in the step panel 100 detects persons,
vehicles, walls, and objects within the drawing range and
when the detection sensor 120 detects obstacles, the drawing
of the step panel 100 is limited. As a result, it is possible to
prevent a person from being injured due to the drawing of the
step panel 100 or the step panel 100 from being damaged due
to the obstacles. Meanwhile, the tilting range of the step panel
100 means a range in which the step panel 100 rotates toward
the ground due to the projection pin 420 locked to the rack
gear part 200. In this case, the detection sensor 120 detects
obstacles located within the tilting range. When the obstacles
are detected within the tilting range of the step panel 100, the
rotating operation of the step panel 100 is limited. Therefore,
even though the step panel 100 is caught at obstacles to limit
the rotation of the step panel 100, it is possible to prevent parts
from being damaged due to the excessive operation of the step
panel 100.

As described above, when the detection sensor 120 detects
objects within the drawing range and the tilting range of the
step panel 100, the control unit 500 may control the driving
motor M and the solenoid 440 to return the step panel 100 to
an initial position.

Meanwhile, the step panel 100 is mounted to be tilted
upwardly from a lower side of the vehicle at a predetermined
angle and as the projection pin 420 is locked to the locking
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groove 220 of the rack gear part 200 to tilt the rack gear part
200 downwardly, the step panel 100 may face the ground to be
changed to a footboard shape.

Asillustrated in FIG. 3, the step panel 100 may be mounted
under the door D to be tilted upwardly from a lower side of the
vehicle at a predetermined angle. According to various
embodiments of the present invention, as the step panel 100 is
drawn and tilted to be changed to a footboard shape, the step
panel 100 may be mounted to be tilted upwardly at a prede-
termined angle as much as the rotating angle of the rack gear
part200. That is, the step panel 100 is mounted upwardly to be
tilted by the rotating angle of the rack gear part 200, such that
when the rotation of the rack gear part 200 is completed, the
step panel 100 may level to face the ground.

As such, the step panel 100 is mounted under the door D in
the state in which the step panel 100 is tilted upwardly at a
predetermined angle. Therefore, according to various
embodiments of the present invention, the rack gear part 200
performs the drawing and rotating operations, such that the
step panel 100 may level to face the ground and the appear-
ance design may be improved.

Meanwhile, as can be appreciated from FIGS. 1 and 2, the
rack gear part 200 is located under the pinion gear part 300,
such that an upper surface of a front end of the rack gear part
200 may be gear-meshed with the pinion gear part 300 and a
rear end thereof may be inserted into a vehicle.

FIG. 2 illustrates that as the initial state of the door D step
device according to various embodiments of the present
invention, the front end of the rack gear part 200 is connected
to the step panel 100 and a lower end thereof is inserted into
a vehicle. In this case, an upper portion of the rack gear part
200 is formed to have a gear structure, such that the upper
portion of the rack gear part 200 may be configured to be
gear-meshed with the pinion gear part 300.

Further, various embodiments ofthe present invention may
be implemented even by having the rack gear part 200 be
mounted on the pinion gear part 300, but as the rack gear part
200 is mounted on the pinion gear part 300, the pinion gear
part 300 may protrude to the vehicle floor, such that the pinion
gear part 300 is mounted on the rack gear part 200 and is
inserted into the vehicle body, thereby making a layout good
and an appearance clear. Further, a design may be made to
prevent a vehicle from being damaged due to the rack gear
part 200 penetrating through the vehicle body at the time of a
side collision of a vehicle.

Meanwhile, the inside of the vehicle is provided with a
guide 240 to enclose the side of the rack gear part 200 and
rotate along with the rack gear part 200 and the rack gear part
200 may be may be mounted in the vehicle body by the guide
240.

In this case, the guide 240 is to mount the rack gear part 200
in the vehicle body and is rotatably mounted in the vehicle
body to rotate along with the rack gear part 200. Further, the
rack gear part 200 may be slid back and forth in the guide 240
and the guide 240 may be formed to have an opened upper
surface so as to have the pinion gear part 300 and the rack gear
part 200 gear-meshed with each other.

Due to the mounted guide 240, the rack gear part 200 may
be stably fixed to the vehicle body in the state in which the
rack gear part 200 is gear-meshed with the pinion gear part
300.

Meanwhile, the driving motor M is a motor which may
normally or reversely rotate and have a controllable rotational
speed and the control unit 500 controls the power of the
driving motor M to be reduced when the step panel 100 is
tilted to the ground, thereby reducing the tilting speed of the
step panel 100.
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As such, the power of the driving motor M is reduced
before the tilting of the step panel 100 is completed, such that
as a rotational speed of the pinion gear part 300 is reduced, the
tilting speed of the step panel 100 may be delayed to ensure
the high quality of tilting operation.

The step panel 100 serves as a footboard by being drawn
and tilted and when passengers get in a vehicle, the position of
the step panel 100 returns originally. To this end, the step
panel 100 may be changed to an initial position by reversely
rotating the motor.

Meanwhile, the control unit 500 controls the projection pin
420 of the tilting operation part 400 to be separated from the
locking groove 220 of the rack gear part 200 when the rack
gear part 200 and the step panel 100 are tilted to the ground to
draw the rack gear part 200 and the step panel 100 to the
ground in the state in which the rack gear part 200 and the step
panel 100 are tilted.

Further, the locking groove 220 of the rack gear part 200
may be configured of a middle groove part 222 for performing
the tilting operation of the rack gear part 200 and a back
groove part 224 for fixing the rack gear part 200 drawn to the
ground in the state in which the rack gear part 200 is tilted.

Further, when the rack gear part 200 and the step panel 100
are drawn to the ground in the state in which the rack gear part
200 and the step panel 100 are tilted, the control unit 500
operates the solenoid 440 to control the projection pin 420 to
be inserted into the back groove part 224.

In detail, as described above, the control unit 500 operates
the driving motor M to draw the rack gear part 200 and
controls the projected amount of the projection pin 420 of the
solenoid in the locking groove 220 of the drawn rack gear part
200 to lock the projection pin 420 to the locking groove 220
of'the rack gear part 200 to rotate the rack gear part 200. As the
rack gear part 200 rotates, the step panel 100 is tilted to the
ground to form a footboard shape. In this state, after the
projection pin 420 of the tilting operation part 400 is sepa-
rated from the locking groove 220 of the rack gear part 200,
the driving motor M is operated again to additionally draw the
rack gear part 200 to the ground.

In this case, the locking groove 220 of the rack gear part
200 is formed by being divided into the middle groove part
222 and the back groove part 224, in which the middle groove
part 222 provides a rotation central point of the rack gear part
200 and is to limit the drawing of the rack gear part 200 and
when the drawing of the rack gear part 200 is completed in the
state in which the rack gear part 200 is tilted, the back groove
part 224 is to fix the rack gear part 200. As such, the middle
groove part 222 formed in the rack gear part 200 is axially
formed in plural to adjust the drawn amount of the step panel
100.

As described above, as the rack gear part 200 is addition-
ally drawn to the ground in the state in which rack gear part
200 rotates, the step panel 100 may move to the ground to
adjust the height between the step panel 100 and the ground.
As such, since the door step device adjusts the height of the
step panel 100 in consideration of a body type of passengers,
such as a child or an adult, and the like, passengers may
conveniently use the step panel 100, and thus the convenience
of the passengers may be more improved.

FIGS. 3 to 6 are diagrams illustrating the drawing and
tilting operations of the door step device for a vehicle illus-
trated in FIG. 1. Describing the operation of the door step
device for a vehicle according to various embodiments of the
present invention, FIG. 3 illustrates the initial state in which
the step panel 100 does not protrude to the outside of the
vehicle body, as the state in which the step panel 100 is
located under the door D. In this state, when passengers
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intend to get on a vehicle, the driving motor M is operated as
illustrated in FIG. 4, the step panel 100 is drawn along with
the rack gear part 200. As in the state in which the rack gear
part 200 is drawn, the projection pin 420 of the tilting opera-
tion part 400 is locked to the middle groove part 222 of the
rack gear part 200 to limit the drawing of the rack gear part
200 and provide the rotation central point, the rack gear part
200 rotates as illustrated in FIG. 5, and thus the step panel 100
rotates toward the ground.

When the tilted step panel 100 needs to be additionally
drawn, the control unit 500 controls the projection pin 420 to
be separated from the middle groove part 222, such that the
rack gear part 200 may be drawn to the ground while keeping
the state in which the rack gear part 200 rotates As the pro-
jection pin 420 is locked to the back groove part 224 formed
at the back portion of the rack gear part 200 to limit the
movement of the rack gear part 200 moving to the ground, the
drawing of the step panel 100 is limited and the position of the
step panel 100 is fixed, such that the step panel 100 serves as
a footboard.

For the control, the control unit 500 stores the sliding time
of'the rack gear part, the revolutions per minute of the driving
motor M, and the control time of the solenoid of the tilting
operation part to sequentially draw and tilt the step panel and
additionally draw the step panel in the state in which the step
panel is tilted.

As set forth above, according to various embodiments of
the present invention, the door step device for a vehicle hav-
ing the above-mentioned structure can perform the operation
of drawing and tilting the step panel and if necessary, addi-
tionally draw the step panel in the state in which the step panel
is tilted, thereby adjusting the height of the step panel and
implementing the high quality of operation performance.

Further, the footboard can be operated according to
whether the passengers use the footboard and operated to be
drawn when the step panel is required, thereby improving the
use convenience of the step panel.

For convenience in explanation and accurate definition in
the appended claims, the terms upper or lower, front or rear,
and etc. are used to describe features of the exemplary
embodiments with reference to the positions of such features
as displayed in the figures.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications thereof.
Itis intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:

1. A door step device for a vehicle, comprising:

a step panel;

arack gear part extending from the step panel to be inserted
into the vehicle and having a locking groove formed at a
side thereof;
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a pinion gear part mounted on the vehicle through a rotat-
ing shaft, and gear-meshed with the rack gear part,
wherein the pinion gear part rotates by power from a
driving motor;

atilting operation part including a projection pin projecting
at a point spaced a predetermined distance rearward of
the pinion gear part in the vehicle to be locked to the
locking groove of the rack gear part to provide a rotating
center of the rack gear part, the tilting operation part
further including a solenoid adjusting a projected
amount of the projection pin; and

a control unit which controls the driving motor to draw the
rack gear part and controls the solenoid to project the
projection pin into the locking groove of the drawn rack
gear part, thus enabling the rack gear part and the step
panel to be tilted about the projection pin toward a
ground.

2. The door step device for the vehicle of claim 1, wherein
the step panel is provided with a detection sensor which
detects objects located within a drawing range and a tilting
range.

3. The door step device for the vehicle of claim 1, wherein
the step panel is mounted to be tilted upwardly from a lower
side of the vehicle at a predetermined angle and as the pro-
jection pin is locked to the locking groove ofthe rack gear part
and the rack gear part is tilted downwardly, the step panel
rotates toward the ground to serve as a footboard.

4. The door step device for the vehicle of claim 1, wherein
the rack gear part is located under the pinion gear part, such
that an upper surface of a front end of the rack gear part is
gear-meshed with the pinion gear part and a rear end thereof
is inserted into the vehicle.

5. The door step device for the vehicle of claim 1, wherein
a vehicle body is provided with a guide to enclose the side of
the rack gear part and rotate along with the rack gear part and
the rack gear part is mounted in the vehicle body by the guide.

6. The door step device for the vehicle of claim 1, wherein
the driving motor is a motor which normally or reversely
rotates and has a controllable rotational speed and the control
unit controls the power of the driving motor to be reduced
when the step panel is tilted to the ground to reduce a tilting
speed of the step panel.

7. The door step device for the vehicle of claim 1, wherein
the control unit controls the projection pin of the tilting opera-
tion part to be separated from the locking groove of the rack
gear part when the rack gear part and the step panel are tilted
to the ground to draw the rack gear part and the step panel to
the ground in a state in which the rack gear part and the step
panel are tilted downwardly toward the ground.

8. The door step device for the vehicle of claim 7, wherein
the locking groove of the rack gear part includes a middle
groove part for performing the tilting operation of the rack
gear part and a back groove part for fixing the rack gear part
drawn to the ground in the state in which the rack gear part is
tilted downwardly toward the ground.

9. The door step device for the vehicle of claim 8, wherein
when the rack gear part and the step panel are drawn to the
ground in the state in which the rack gear part and the step
panel are tilted downwardly toward the ground, the control
unit operates the solenoid to control the projection pin to be
inserted into the back groove part.
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